Introduction {#sec1}
============

Modularity in total hip arthroplasty (THA) is a useful tool that allows surgeon intraoperative versatility. It is particularly useful in dysplastic hips, in anatomic variants, or in the revision setting. It allows for fine adjustments and calibration of the femoral offset, leg length, and version, independently from femoral stem placement in the femoral canal \[[@bib1],[@bib2]\]. This allows for a more anatomic positioning of implants specific to the patient and may help reduce wear and improve longevity of the implant \[[@bib3]\]. However, the addition of modularity is not without complications. Increasing the number of tapered junctions allows for more opportunity to introduce fretting, corrosion, local adverse reaction to particulate debris, dislocations, neck fatigue fracture, and cold welding of the modular neck-stem interface to occur \[[@bib2]\].

There is extensive literature on modular neck fatigue fracture associated with micromotion, corrosion, and fretting \[[@bib2],[@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11]\]. There is also significant coverage in the literature on local adverse reaction to debris caused by corrosion and fretting between a modular neck and stem \[[@bib1],[@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19]\].

There is a paucity in the literature, however, regarding clinical cold welding of modular neck-stem interfaces and intraoperative techniques to address this. It has been reported that irreversible cold welding of the modular neck and stem interface can occur and result in failure to disengage during a revision THA \[[@bib20], [@bib21], [@bib22], [@bib23], [@bib24]\]. However, there appear to be no reported intraoperative solutions for this aside from removing the entire neck and stem as a single unit. This case report discusses a novel intraoperative solution to a cold-welded titanium modular neck to a well-fixed titanium stem in a revision THA performed for trauma.

Case history {#sec2}
============

This patient is a 72-year-old male who was involved in a motorcycle crash at highway speeds, sustaining multiple injuries. These injuries included a right periprosthetic hip dislocation and disassociation of the femoral head from the modular neck along with a comminuted left distal femoral periprosthetic supracondylar femur fracture ([Fig. 1](#fig1){ref-type="fig"}a and b; [Fig. 2](#fig2){ref-type="fig"}a and b). He has a history of a right THA and bilateral total knee arthroplasties (TKAs) at an outside hospital many years before his presentation. This case report focuses on the right hip injury and revision surgery.Figure 1Preoperative anteroposterior radiograph (a) and attempted lateral radiograph (b) of the right hip showing right periprosthetic hip dislocation and disassociation of the femoral head from the modular neck.Figure 2Preoperative anteroposterior radiograph (a) and lateral radiograph (b) of the left knee demonstrating a comminuted left distal femoral periprosthetic supracondylar femur fracture.

Preoperative radiographs of the right hip showed evidence of well-fixed cementless implants on both the femoral and acetabular sides. Radiographically and clinically, the hip appeared to be dislocated posteriorly with disassociation of a cobalt-chrome head from the titanium neck. The neck on plain radiographs showed notching of the proximal inferior portion of the taper junction ([Fig. 3](#fig3){ref-type="fig"}a). The implant was identified as a Zimmer M/L Taper Kinectiv titanium bimodular femoral component (Zimmer M/L Taper Hip Prosthesis with Kinectiv Technology, ZimmerBiomet, Warsaw, IN) with a titanium modular neck. Three-dimensional imaging was obtained because of the polytraumatic nature of the patient's presentation and to rule out an ipsilateral periprosthetic fracture. This confirmed no fracture and demonstrated, with more clarity, the damage to the trunnion ([Fig. 3](#fig3){ref-type="fig"}b).Figure 3(a) Radiograph of the right hip demonstrating notching of the proximal inferior portion of the taper junction. (b) Computed tomography scan of the right hip redemonstrating notching of the taper junction.

The arthroplasty service was consulted for operative management of his multiply injured lower extremities. He was indicated for revision right THA and revision left TKA in the form of a distal femoral replacing hinged knee prosthesis. Informed consent was obtained from the patient, and all questions and concerns were thoroughly addressed. He was cleared for revision arthroplasty and was taken to the operating theater. After induction of general anesthesia, the patient was positioned supine on a radiolucent flattop bed, and the hip and knee were prepped and draped. Supine positioning allowed for access to both extremities without repositioning the patient. It also allowed access to the hip through a direct anterior approach and avoidance of the large posterolateral Morel-Lavallée lesion, which was found directly over and posterior to his prior posterior approach incision.

A modified Smith Peterson approach to the hip was performed. An anterior capsulotomy was performed, and on entering the joint, a rush of dark black fluid was encountered as was a great deal of black-stained adverse local soft-tissue reaction consistent with metallosis. This was not unexpected, given the amount of damage to the trunnion seen on preoperative imaging. A thorough debridement of this tissue was performed until a negligible amount of metallic staining was visible. Inspection of the stem revealed a well-fixed femoral component. Inspection of the modular neck was notable for a grossly damaged trunnion at the head-neck interface, with a great deal of notching and rounding consistent with mechanically assisted crevice corrosion (MACC) and subsequent macroscopic trunnion loss. The femur was then exposed and positioned for modular neck removal. Removal of the neck was attempted using a proprietary femoral neck removal backslap from the implant manufacturer, which was unsuccessful. We then proceeded to try a much more powerful universal extraction system, but the modular neck showed no signs of movement. Significant effort and force were applied to both extraction devices, and both were unsuccessful. The neck appeared to be clinically cold welded to the stem.

Neck retention was unacceptable with the degree of trunnion damage witnessed. Options at this point were en bloc removal of the stem likely requiring an anterior-based femoral osteotomy or further attempt at removal of the modular neck with subsequent replacement of a new titanium neck and a new ceramic femoral head. Removal of the femoral stem would have added significant operative time and morbidity to a multiply injured and physiologically compromised patient. We decided to attempt one more alternative strategy for neck removal; using knowledge of thermoregulation and experience with mechanical engineering principles of shrink-fitting metals and thermal separation, we used sterile ice to cool the neck relative to the stem in hopes of contracting the metal for neck removal. The sterile ice comes in the form of frozen intravenous (IV) bags of sterile saline that are typically used in cardiac and transplant cases ([Fig. 4](#fig4){ref-type="fig"}a). We cut open the IV bag and broke the large ice block down into manageable sizes that could be fit easily circumferentially around the neck ([Fig. 4](#fig4){ref-type="fig"}b). This relatively rudimentary means of cooling is routinely used in thermoregulation during cardiac cases.Figure 4(a) Frozen sterile bag of normal saline. Bag cut and ice broken into pieces and placed around the modular neck, cryogenically separating the modular neck and stem junction. (b) The ice block broken down into manageable sizes that could be fit easily circumferentially around the neck.

After 10 minutes of cooling the trunnion, we again attempted to remove the neck with the universal extraction system, and we found the neck to come out easily with 3 moderately forceful blows, a noticeable difference from the previous attempt. We inspected the female morse taper junction in the stem; there was no obvious macroscopic damage of the morse taper thread topography and no signs of metal debris, deformation, or corrosion. The male portion of this taper on the modular neck also appeared pristine without any discoloration or obvious damage. The femoral stem remained well fixed. Attention was then turned to the polyethylene liner that was exchanged. Interrogation of the acetabular component was unremarkable, and the component was retained as it was well fixed and reasonably well positioned on preoperative films. The head that had disassociated from the femoral stem was removed from the posterior thigh through the dislocation tract created through the disrupted posterior capsule. A small lateral accessory incision was used through which uterine forceps were inserted and used to lever the dislocated head cranial and anterior so that it could be grasped and removed through the anterior hip incision. We then placed a new titanium modular femoral neck of the same size and placed a ceramic femoral head of the same length. The hip was reduced, taken through a full range of motion, and found to be very stable.

Although bimodular hip implants historically have had a poor track record, this particular stem has not been recalled, and modular titanium neck implants were available and ready for this case. While there have been a number of case reports of MACC at the head-neck junction of this specific 12/14 taper when used with cobalt-chromium heads, there has only been a single case report of possible MACC at the titanium-titanium stem-neck taper junction with this stem \[[@bib25]\]. In this one case report, the presumed crevice corrosion seen was the black corrosion product seen on the modular neck at the neck-stem interface near the exposed shoulder of the neck, while the patient had obvious MACC at the head-neck junction with black corrosion products all around that male taper along with elevated cobalt and chromium ion levels while having undetectable titanium ion levels. Therefore, this stem has minimal risk for MACC at the neck-stem trunnion. Furthermore, when the titanium neck is coupled with a ceramic head, retention of this particular stem is a reasonable option in a complicated clinical scenario such as this one. However, we would be remiss to not also mention the fact that there have been several case reports in the literature of fracture of modular titanium femoral necks. Although the risk of MACC at the neck-stem junction may be lessened with these titanium femoral necks, this does not come without this slight added risk of fracture \[[@bib6],[@bib10],[@bib11],[@bib26]\]. In this complicated 72-year-old patient with polytrauma, it was felt to be appropriate to place a new titanium neck with the same length and offset as the removed component and a new 40 ceramic head of the same length ([Fig. 5](#fig5){ref-type="fig"}a and b). Stability was found to be excellent with this construct in place. The wounds were copiously irrigated and were closed in a layered fashion. We then proceeded to address his contralateral distal femur and performed a revision TKA with a distal femoral replacing hinge in this same setting ([Fig. 6](#fig6){ref-type="fig"}a and b). The patient tolerated the procedure well and began standing and ambulating with physical therapy while in the hospital as he was allowed to be weight-bearing as tolerated on his bilateral lower extremities. The patient was seen most recently at 8 weeks after surgery with a well-healed right hip incision and painless range of motion of his right hip. He continues to rehabilitate from his multiple other injuries because of the polytrauma nature of his injury. His follow-up radiographs do not show any evidence of dislocation or trunnion complications of his right hip.Figure 5Postoperative anteroposterior radiograph (a) and lateral radiograph (b) of the right hip.Figure 6Postoperative anteroposterior radiograph (a) and lateral radiograph (b) of the left knee demonstrating revision TKA with a distal femoral replacing hinge.

Discussion {#sec3}
==========

Cold welding, or contact welding, is a solid-state process of joining metals that has been occurring naturally and practiced through engineering for centuries. The process occurs when repetitive or constant pressure forces 2 individual segments of relatively soft metal together, which breaks down the oxide barrier between the segments and joins them by transport of atoms via anatomic diffusion \[[@bib27]\]. This is a process seen in aerospace, engineering, and nanotechnology and more recently has been described in arthroplasty. Cold welding of the modular neck and stem interface is documented in the literature as a known complication of modular THA \[[@bib20], [@bib21], [@bib22], [@bib23], [@bib24]\]. Fraitzl et al recently studied the removal of Sivash-range of motion (S-ROM, DePuy Synthes, Warsaw, IN) THAs and found that 27% of the retrieved devices could not be dissociated intraoperatively \[[@bib20]\]. Another recent article stated that cold-welded components may actually be protective from fretting and corrosion seen with titanium trunnions. They did acknowledge, however, the difficulty this presents when revising these implants \[[@bib21]\]. They found that they were unable to dissemble 22% of the titanium-titanium S-ROM modular hips intraoperatively. Cold-welding is seen most commonly in titanium-titanium stem taper junctions, with nearly 25% of revisions of these stem and taper combinations being cold welded in one study \[[@bib24]\].

Multiple factors have been hypothesized to contribute to cold welding. Cold welding is commonly seen at the head-neck junction but can also be seen at the neck-stem junction. Fretting and corrosion occur in the absence of a close-fitting, motionless fit between the modular neck and stem. Micromotion allows the release of metallic debris locally and can create a secure cold weld that often cannot be dissociated in the operating room \[[@bib20]\]. Cold welding may also be seen in the setting of infection as the low-pH microenvironment increases the local concentration of protons, which could contribute to corrosion or alter the local charge concentration gradient that may influence atomic diffusion. In addition, moisture present between the taper of the stem and the sleeve of the neck during implantation may also increase the risk of corrosion \[[@bib20]\]. No correlation has been found between implantation time and corrosion or fretting damage severity \[[@bib20],[@bib28]\].

Multiple sources state that the cold-welded interface could not be dissociated in the operating room and required the removal of the modular neck and stem en bloc \[[@bib20], [@bib21], [@bib22], [@bib23], [@bib24]\]. To date, no literature exists on intraoperative techniques to help dissociate the cold-welded components. Thermal shrinkage of titanium has been described in the prosthodontic literature as it pertains to titanium crown cast molding accuracy and shrinkage. The cast shrinkage percentage by volume ranges from 1.55% to 2% in these studies \[[@bib29],[@bib30]\]. It is uncertain whether this cast shrinkage causes any long-lasting structural damage or geometric changes of the trunnion, leading to a possible mismatch with engagement of a new modular neck. Future biomechanics studies would be warranted to determine if this method of thermal shrinkage causes permanent microscopic or macroscopic damage to the modular component and whether this could cause any mismatch at either the neck-stem or head-neck junction.

Theoretically, cooling the modular titanium component of this implant with intraoperative ice bath allowed thermal shrinkage of the implant and allowed the titanium of the modular neck and the stem to cryogenically separate. This allowed for dissociation of the neck-stem interface with only moderately applied force. In this case, we were able to retain the well-fixed stem in a multiply injured patient and reduce the morbidity of this revision THA and, equally importantly, refrain from postoperative weight-bearing restrictions, which would certainly hinder recovery. This method of using sterile ice intraoperatively as an option to potentially cryogenically separate cold-welded components appears to be a safe, cost-effective technique and has the potential to avoid a larger and potentially unnecessary operation.

Summary {#sec4}
=======

This case report discusses a novel intraoperative approach to dissociation of a cold-welded modular total hip component. Sterile ice may be used to cryogenically separate the neck-stem interface and prevent the need to remove a well-fixed stem.
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